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Abstract
Background: Retirement is a major life transition affecting health behaviors. The aim of this study was to examine
within-individual changes in body mass index (BMI) during transition from full-time work to statutory retirement by
sex and physical work characteristics.
Methods: A multiwave cohort study repeated every 4 years and data linkage to records from retirement registers.
Participants were 5426 Finnish public-sector employees who retired on a statutory basis in 2000–2011 and who reported
their body weight one to three times prior to (w−3, w−2, w−1), and one to three times after (w+1, w+2, w+3) retirement.
Results: During the 4-year retirement transition (w+1, vs. w−1) men showed decline in BMI, which was most marked
among men with sedentary work (−0.18 kg/m2, 95% CI −.30 to −0.05). In contrast, BMI increased during retirement
transition in women and was most marked among women with diverse (0.14 kg/m2, 95% CI 0.08 to 0.20) or physically
heavy work (0.31 kg/m2, 95% CI 0.16 to 0.45). Physical activity during leisure time or commuting to work, alcohol
consumption or smoking did not explain the observed changes during retirement transition.
Conclusions: In this study statutory retirement was associated with small changes in BMI. Weight loss was most visible
in men retiring from sedentary jobs and weight gain in women retiring from diverse and physically heavy jobs.
Keywords: Body weight, BMI, Weight change, Work exposure, Retirement, Aging, Cohort study
Background
Transition to retirement is an important turning point in
life accompanied by substantial increase in time availabil-
ity and changes in daily routines [1]. Previous research has
shown that leisure-time physical activity [2, 3] and total al-
cohol consumption [4, 5] tend to increase during retire-
ment transition. Since changes in weight are related to
changes in energy expenditure (physical activity) and en-
ergy intake (food and alcohol intake) or their combination,
retirement may also contribute to weight change among
older adults. Examining changes in weight and factors pre-
disposing such changes in this life stage is important since
both weight gain and weight loss may affect health at
older ages. It has been shown, for example, that weight
gain can increase risk for morbidity and disability [6–9]
while unintentional weight loss may increase the risk for
mortality [10]. Intentional weight loss accompanied by in-
creased physical activity, on the other hand, is associated
with improved physical functioning in older adults [11].
To date, relatively little is known about the effects of
retirement on weight, although it is likely that the effects
are heterogeneous and in part depend on the job a per-
son is retiring. It is possible, for example, that retirement
from physically strenuous work leads to reduction in
total physical activity and thus induces weight gain. On
the other hand, persons who retire from sedentary jobs
may be able to increase energy consumption by engaging
more physical activity throughout the day. In agreement
with this, some previous studies suggest that weight gain
is more common in people retiring from physically
strenuous job or blue-collar occupations [12–18]. How-
ever, the results for sedentary work and weight change
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are conflicting, some studies reporting no weight change
and other studies weight loss during retirement transi-
tion [12, 14]. Whether the changes in body weight differ
in men and women is not properly examined. Moreover,
most previous research is based on a single dataset, the
Health and Retirement Study from the US. The US rep-
resents a country in which pension schemes vary and ex-
tended labor-marker participation is often due to
financial reasons which differs from many European
countries [19]. It is therefore important to examine these
questions also in other populations and settings. Accord-
ingly, the aim of the current study is to examine changes
in body mass index during years preceding retirement,
during retirement transition and after retirement with
particular focus on potential differences in weight devel-
opment by sex and physical work characteristics.
Methods
Study population
The data were from the Finnish Public Sector study, an
ongoing prospective occupational cohort study with
identifiable questionnaire surveys. The eligible popula-
tion of the original cohort included all employees who
had been working for a minimum of 6 months in the
participating organizations, which included ten towns
and six hospital districts, between 1991 and 2005
(n = 151,901) [20]. Nested survey cohorts included all
those who were employed by the participating organiza-
tions at the time of surveys or had left the organizations
after participating in an earlier survey. The first survey
of the total personnel in all participating organizations
was conducted in 2000–2002 and thereafter repeated at
4-year intervals. The first survey for leavers was con-
ducted in 2005 and thereafter repeated at 4-year inter-
vals. For this study we used data from surveys
performed for employees in 2000–2002, 2004 and 2008
and leavers in 2005, 2009 and 2013. Survey data for co-
hort members were successfully linked to records of the
Finnish Centre for Pension’s register (retirement date
and type), employers’ records (birth date, sex, occupa-
tional title) and comprehensive national health registers
(diseases and medication) through unique personal iden-
tification codes, which are assigned to all citizens in
Finland. The FPS study was approved by the Ethics
Committee of the Hospital District of Helsinki and
Uusimaa.
Of all the FPS cohort members, we first identified
those who were employed and responded to at least one
survey in 2000–2002, 2004 or 2008 (n = 81,587). Of
these employees, 19,058 were awarded their first pension
by December 31, 2011, and of these, 9787 persons had
responded to at least one survey before and after retire-
ment. We focused on those persons who had retired at
the statutory retirement age (i.e. old age retirement) as
their first awarded pension scheme (n = 5898). Partici-
pants who retired part-time (n = 1619) or on a health
grounds (n = 2185) or because of unemployment
(n = 85) were excluded from this study, because these
types of retirement are endogenous and potentially re-
lated to the causes that may affect weight (e.g. disease)
and thus subject to reverse causation bias.
We centered the data around the retirement date. There
were three study waves before retirement (w−3, w−2, w−1),
and three waves after retirement (w+1, w+2, w+3). Each suc-
cessive wave was on average 4 years apart from each other.
To be included in this study, the participants had to report
their body weight and height in at least two surveys, one
immediately before and after transition to statutory retire-
ment (i.e., w−1 and w+1) (n = 5458). Then we excluded
underweight persons at pre-retirement (n = 22) and those
with missing occupational titles (n = 10) resulting in an
analytic sample of 5426 persons. Thus, depending on the
retirement date, participants’ observations came from one
of the following alternative set of waves: 1) w−3, w−2, w−1,
w+1, 2) w−2, w−1, w+1, w+2, or 3) w−1, w+1, w+2, w+3. The
relation of the survey years to the study waves around
retirement is demonstrated in supplemental material
(Additional file 1: Table S1). On average, these partic-
ipants provided information on body weight at 3.6
(range 2–4) of the possible four study waves during a
follow-up of 8–12 years.
Assessment of retirement
Data on type and date of retirement were obtained from
the Finnish Centre for Pensions, which coordinates all
earnings-related pensions for permanent residents in
Finland [21]. All gainful employment is insured in a pen-
sion plan and accrues a pension; thus the pension data
with successful linkage were available for all participants.
The start dates for any pension were obtained for all
participants from 2000 through 2011, irrespective of the
participants’ employment status or workplace at follow-
up. According to the public sector Employees’ Pension
Act, the statutory retirement age was generally from 63
to 65 years until 2005 and 63 to 67 years from 2005 on-
wards, although some individuals had kept their earlier
retirement age from the previous pension act in which
pension ages in some occupations were below 63 years
(e.g., 60 years for primary school teachers, 58 for prac-
tical nurses).
Assessment of body weight and body mass index
Body weight and height were inquired at each study wave
and was recorded in kilograms and centimeters, respect-
ively. Based on this information body mass index (BMI)
was calculated at each study wave and BMI was catego-
rized into normal weight (18.5 kg/m2 ≤ BMI < 25.0 kg/m2),
overweight (25–29.9 kg/m2 ≤ BMI < 30 kg/m2) and obesity
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class I (30 kg/m2 ≤ BMI < 35 kg/m2) and obesity class II I
(35 kg/m2 ≤ BMI) [22].
Assessment of physical work characteristics
Occupational titles were obtained from the employers’
registers and coded according to the Standard Classifica-
tion of Occupations 2001 by Statistics Finland [23]. In-
formation on the last occupation preceding retirement
(w−1) was used and if this was not available, then infor-
mation from w−2 was used. We linked each occupational
code to validated gender-specific job exposure matrix
(JEM) [24], which was developed by using exposure in-
formation from a large nationally representative survey
(Health 2000 Study [25]). The matrix includes exposure
information for more than 401 occupations or occupa-
tional groups coded according to the Classification of
Occupations 2001 by Statistics Finland. The classifica-
tion is based down to the 4-digit level, corresponding to
the EU’s classification of occupations (ISCO-88(COM)).
In addition, national circumstances have been taken into
account by adding 5-digit occupational groups, when ne-
cessary. In this study population 244 different occupa-
tional titles were present which all could be linked to
JEM.
For the current study, two physical work characteris-
tics were used, namely “physical heaviness of work” and
“sitting at work”. The dichotomized exposures were
based on the following two questions at the Health 2000
Survey: “Does your current job involve heavy physical
work, in which you have to lift or carry heavy items, to
dig, shovel or pound?” (yes/no) and “Do you in your
current work need to sit (work machine or car driving
not included) on an average at least five hours a day?”
(yes/no). By using information from both items, a com-
posite work indicator was created and labelled as “Sed-
entary” (sitting but no heavy work), “Diverse” (no sitting
and no heavy work” and “Physically heavy” (no sitting
but heavy work). There was no one in jobs with both sit-
ting and heavy work.
In addition, socioeconomic position (SES) was defined
based on ISCO and categorized into high (ISCO categor-
ies 1–2 / e.g. teachers, physicians), intermediate (ISCO
categories 3–4 / e.g. registered nurses, technicians) and
low (ISCO categories 5–9 / e.g. cleaners, maintenance
workers) [23].
Assessment of covariates
To measure non-occupational physical activity, respon-
dents were asked to estimate their average weekly hours
of leisure-time physical activity (including commuting)
within the previous year in walking, brisk walking, jog-
ging, and running, or their equivalent activities [26]. The
time spent on activity at each intensity level in hours per
week was multiplied by the average energy expenditure
of each activity, expressed in metabolic equivalent
(MET) [2, 27]. Alcohol use was based on self-reported
habitual frequency and amount of beer, wine and spirits
consumption, which was converted into grams of alco-
hol per week [28]. Due to its distributional skewness, a
logarithmic transformation is used in the analyses.
Smoking status was categorized into never, former and
current smokers. For the analyses, physical activity, alco-
hol use and smoking were modelled as a time-variant
variables since they may influence on weight change.
Disease status was constructed by taking into account
chronic diseases in all pre-retirement waves available. In-
formation on chronic illnesses was obtained on nation-
wide registers: asthma, diabetes, rheumatoid arthritis
and coronary heart disease based on the Social Insur-
ance Institution of Finland’s (SII) Drug Reimbursement
Register; depression based on the Finnish Prescription
Register kept by SII (ATC code N06A) and cancer based
on the Finnish Cancer Registry. In addition information
on osteoarthritis was obtained from the questionnaires.
For the analyses, participants were categorized as having
no disease, one disease and two or more diseases before
retirement.
An additional covariate possibly related to body weight
is a job strain, which was ascertained using questions
from the Job Content Questionnaire (JCQ) [29]. The
FPS study surveys included job control and job demands
scales from the shorter version of the JCQ [30]. The
presence of job strain at pre-retirement (w−1) was de-
fined as having high demands and a low control score
based on the median values from the year 2000 survey.
Statistical analyses
Characteristics of the study population before retirement
(w−1) for men and women are presented as mean values
for continuous variables and as proportions for categor-
ical variables. Changes in BMI were assessed using linear
regression analyses with generalized estimation equa-
tions (GEE). The GEE models control for the intra-
individual correlation between repeated measurements
using an exchangeable correlation structure and is not
sensitive to measurements missing completely at
random [31, 32].
We started by examining whether BMI change was
different among men and women and since the inter-
action ‘sex x time’ was statistically significant
(p < 0.0001), all analyses were conducted separately for
men and women. In further analyses the interest was in
differences by physical work characteristics and thus the
models included ‘work characteristics x time’ interaction
term. Time variable in our models indicated time point
in respect to retirement.
To examine changes in BMI around the transition to
retirement, we constructed three consecutive periods:
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the pre-retirement period (from w − 3 to w − 2), the re-
tirement transition (from w − 1 to w + 1) and the post-
retirement period (from w + 2 to w + 3). The periods
were non-overlapping to allow testing whether changes
in BMI differed between the pre-retirement period, the
retirement transition, and the post-retirement period.
The statistical significance of these changes were tested
using ‘Period x Time’ interaction term where Time was
treated as continuous variable.
Adjusted mean estimates and their 95% confidence in-
tervals were calculated to represent an average of 4-year
change of BMI at different periods. In addition, risk of
obesity (BMI ≥ 30 kg/m2) was examined with log-
binomial GEE models by calculating risk ratios (RR)
within each period by comparing prevalence of obesity
at the latter study wave to the previous study wave (e.g.
wave +1 vs. wave −1). The analyses were adjusted for re-
tirement age, SES, time-varying physical activity, alcohol
consumption and smoking as well as marital status,
number of chronic diseases, job strain and BMI before
retirement (w−1).
Finally, we conducted a sensitivity analyses among
those whom data on BMI were available from all four
measurements (n = 3683). This was done to address the
question on whether including those participants who
had missing data in one or two measurement points af-
fected the results. The SAS 9.4 Statistical Package was
used for all of the analyses (SAS Institute Inc., Cary,
NC).
Results
The average retirement age differed between sexes be-
ing 62.2 (SD 2.3) years in men and 61.8 (SD 1.9) years
in women. At the survey before retirement (w−1),
prevalence of normal weight was 35% in men and 46%
in women, overweight 47% in men and 39% in women
and obesity 18% in men and 15% in women. Of the par-
ticipants 13% of men and 16% of women were engaged
in heavy physical work and 37% of men and 14% of
women had sedentary work. The detailed characteris-
tics in men and women before retirement (w−1) are
shown in Table 1.
Development of BMI before, during and after retire-
ment in men and women are illustrated in Fig. 1. The
magnitude of change in BMI within each period differed
between pre-retirement, retirement transition and post-
retirement periods both in men and women (period x
time interaction p = 0.0009 for men and p < 0.0001 for
women). In men BMI increased during pre-retirement
period by 0.29 kg/m2 (95% confidence interval (CI) 0.13
to 0.46), decreased during retirement transition by
0.11 kg/m2 (95% CI -0.22 to −0.01) and became steady
during post-retirement period (−0.03 kg/m2, 95% CI
-0.23 to 0.17) (Table 2). In women BMI increased during
Table 1 Characteristics of the study population before
retirement in men and women (n = 5426)
Men Women
n = 1116 n = 4310 p-value
Mean SD Mean SD
Retirement age (years) 62.2 2.3 61.8 1.9 <.0001
n % n %
Retirement age
< 60 159 14 505 12 <.0001
60–64 758 68 3253 75
> 64 202 18 559 13
Socioeconomic status <.0001
High 537 48 1537 36
Intermediate 212 19 1229 29
Low 367 33 1528 36
Work characteristics <.0001
Sedentary 414 37 623 14
Diverse 555 50 2984 69
Physically heavy 147 13 703 16
Body mass index <.0001
Normal weight 384 35 1980 46
Overweight 522 47 1673 39
Obese class I 162 15 520 12
Obese class II 41 4 125 3
Low leisure-time physical activitya
No 647 58 2491 58 0.99
Yes 463 42 1787 42
Alcohol useb <.0001
None 85 8 767 18
Moderate 908 82 3223 75
Heavy 113 10 298 7
Smoking status <.0001
Never 586 55 3361 79
Former 337 32 546 13
Current 149 14 322 8
Presence of chronic diseases <.0001
0 46 4 224 5
1 671 60 2220 51
> 1 399 36 1866 43
Job strain <.0001
No 945 85 3086 73
Yes 164 15 1159 27
a Low physical activity at leisure time or during commuting to work is defined
as less than 14 MET-hours per week. b Moderate alcohol use corresponds
<192 g / week in women and <288 g / week in men and heavy alcohol use
≥192 g / week in women and ≥288 g / week in men.
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pre-retirement period by 0.41 kg/m2 (95% CI 0.31 to
0.51) and during the retirement transition by 0.15 kg/m2
(95% CI 0.10 to 0.20), but became steady during post-
retirement period (0.10 kg/m2, 95% CI -0.02 to 0.22)
(Table 2). Further adjustments for time-varying physical
activity, alcohol consumption and smoking as well as
marital status, number of chronic diseases, body mass
index and job strain before retirement (w−1) did not alter
the results.
Changes in BMI by work characteristics, were also ex-
amined. Men with physically heavy work had slightly
higher BMI (27.18 kg/m2, 95% CI 26.64 to 27.72) com-
pared to men with sedentary (26.69 kg/m2, 95% CI 26.31
to 27.08) and diverse work (26.87 kg/m2, 95% CI 26.55
to 27.20) before retirement (w−1) (Table 2, Fig. 2a). After
adjusting for covariates, men in sedentary work in-
creased their BMI during pre-retiment period (0.26 kg/
m2, 95% CI 0.003 to 0.52) and decreased during retire-
ment transition (−0.19 kg/m2, 95% CI -0.32 to −0.07),
but no change was observed during post-retirement
period. Among men with diverse and physically heavy
work, no significant changes were observed during re-
tirement transition and post-retirement periods.
The results for women are shown in Table 3 and Fig. 2b.
Before retirement (w−1), women with physically heavy
work had higher BMI (26.57 kg/m2, 95% CI 26.28 to
26.86) than women with sedentary work (26.16 kg/m2,
95% CI 25.82 to 25.50) and with diverse work (25.85 kg/
m2, 95% CI 25.71 to 26.00). BMI increased in all work
characteristics groups during pre-retirement period by
about 0.40 kg/m2. However, only women with diverse and
physically heavy work, showed increase in BMI during re-
tirement transition period (0.16 kg/m2, 95% CI 0.09 to
0.22 and 0.30 kg/m2, 95% CI 0.15 to 0.46). No statistically
significant change in BMI in post-retirement period was
observed in any of the work characteristics groups.
In addition to changes in absolute BMI values, the risk
of obesity within each period was examined. In men, re-
tirement did not increase risk of becoming obese, but
women in diverse (RR 1.15, 95% CI 1.07 to 1.22) and
physically heavy work had increased risk of obesity dur-
ing retirement transition (RR 1.20, 95% CI 1.07 to 1.34)
(Additional file 1: Table S2).
Finally, we repeated the analyses including only partic-
ipants who had all four body weight measurements
available. The results were very similar to those of the
actual analyses with only minor differences in the esti-
mates.. In general, these findings suggest no major selec-
tion by sex or physical work characteristics (Additional
file 1: Table S3).
Discussion
The results of this longitudinal study of Finnish public
sector workers suggest that transition to statutory retire-
ment is associated with a small decrease in BMI in men
and a slight increase in women. In men the decline dur-
ing retirement transition was most marked among those
with sedentary jobs. In contrast, in women the weight
Fig. 1 Changes in body mass index during retirement transition in men
and women. Adjusted for retirement age and socioeconomic status
Table 2 Change in body mass index before, during and after retirement transition by physical work characteristics in men
Time in relation to retirement
Pre-retirement (w−2 vs. w−3) Retirement transition (w+1 vs. w−1) Post-retirement (w+3 vs. w+2)
Mean changea 95% CI Mean changea 95% CI Mean changea 95% CI
Total Model 1 0.29 0.13 0.46 −0.11 −0.22 −0.01 −0.03 −0.23 0.17
(n = 1116) Model 2 0.30 0.12 0.44 −0.11 −0.22 −0.01 0.07 −0.14 0.28
Sedentary Model 1 0.21 −0.04 0.46 −0.18 −0.30 −0.05 −0.0004 −0.29 0.29
(n = 414) Model 2 0.26 0.003 0.52 −0.19 −0.32 −0.07 0.08 −0.23 0.38
Diverse Model 1 0.44 0.20 0.68 −0.05 −0.20 0.11 0.01 −0.28 0.31
(n = 555) Model 2 0.40 0.14 0.65 −0.03 −0.18 0.12 0.13 −0.16 0.43
Physically heavy Model 1 0.07 −0.41 0.55 −0.20 −0.63 0.23 −0.34 −1.01 0.32
(n = 147) Model 2 0.06 −0.51 0.63 −0.19 −0.64 0.26 −0.22 −0.91 0.46
Data are centered at retirement: w−1, w−2, and w−3 refer to survey waves before retirement, and w+1, w+2 and w+3 refer to survey waves after retirement.
a Change is estimated over 4 years of time. Model1: adjusted for retirement age and socioeconomic position Model 2: Model 1 + adjusted for physical activity,
alcohol use and smoking as time-varying covariates and marital status, body mass index, number of chronic diseases and job strain before retirement.
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increase was most pronounced among those with diverse
and physically heavy work. They were also more likely
become obese during retirement transition.
These findings add to existing evidence on retirement
and weight. An advantage of the present investigation
over previous studies is that we examined changes in
weight in men and women taking into account both
physical work characteristics and SES. In addition, we
controlled for a number of underlying factors for weight
change, including leisure-time physical activity, alcohol
consumption and smoking. Since most of the previous
studies have analyzed men and women together [13, 14],
our comparison to other studies is limited to studies
showing results separately for men or women.
Our findings are consistent with the Health and Re-
tirement Study (HRS) [15] from the US in which re-
tirement was associated with weight gain among
women from blue collar occupations, whereas no
change was observed in men. The magnitude of aver-
age weight change was relatively similar among
women in the Finnish Public Sector study (0.8 kg
over 4 years) and that HRS study (about 0.5 kg over
2 years). Our findings are also in agreement with an
analysis based on the US HRS study by Goldman
et al. [12] suggesting that men retiring from sedentary
jobs lost about 0.12 BMI-units (kg/m2) over 2 years
compared to 0.2 BMI-units over 4 years in the
present study. Our findings are in contrast to those
reported by Goldman et al. [12], Godard et al. [17]
and Nooyens et al. [16] as in these studies weight
gain among men retiring from physically heavy work
was observed. In fact, in our study there was, if any-
thing, a tendency towards decreasing BMI among
those with physically heavy work. Taken together, the
changes in BMI we observed during retirement transi-
tion are statistically significant but in absolute terms
relatively small, less than ±1 kg per 4 years. A 5%
weight loss or weight gain (3.5 kg for a person who
weight 70 kg) is often considered clinical relevant
[33]; with this criterion retirement appears not to
affect weight status in a clinically relevant way. At
the population level, however, even relatively small
Fig. 2 Changes in body mass index during retirement transition in men and women by physical work characteristics. Adjusted for retirement age
and socioeconomic status. a) Men, b) Women
Table 3 Change in body mass index before, during and after retirement transition by physical work characteristics in women
Time in relation to retirement
Pre-retirement (w−2 vs. w−3) Retirement transition (w+1 vs. w−1) Post-retirement (w+3 vs. w+2)
Mean changea 95% CI Mean changea 95% CI Mean changea 95% CI
Total Model 1 0.41 0.31 0.51 0.15 0.10 0.20 0.10 −0.02 0.22
(n = 4310) Model 2 0.41 0.30 0.52 0.16 0.11 0.22 0.11 −0.01 0.23
Sedentary Model 1 0.45 0.23 0.67 0.02 −0.12 0.16 0.03 −0.37 0.43
(n = 623) Model 2 0.47 0.24 0.71 0.02 −0.12 0.16 0.03 −0.38 0.43
Diverse Model 1 0.38 0.26 0.50 0.14 0.08 0.20 0.10 −0.04 0.23
(n = 2984) Model 2 0.40 0.27 0.52 0.16 0.09 0.22 0.09 −0.05 0.23
Physically heavy Model 1 0.47 0.16 0.78 0.31 0.16 0.45 0.14 −0.12 0.41
(n = 703) Model 2 0.38 0.04 0.71 0.30 0.15 0.46 0.25 −0.04 0.53
Data are centered at retirement: w−1, w−2, and w−3 refer to survey waves before retirement, and w+1, w+2 and w+3 refer to survey waves after retirement.
a Change is estimated over 4 years of time. Model 1: adjusted for retirement age and socioeconomic position. Model 2: Model 1 + adjusted for physical activity,
alcohol use and smoking as time-varying covariates and marital status, body mass index, number of chronic diseases and job strain before retirement
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changes in the distribution of risk factors may relate
to considerable changes in benefits and harms in ab-
solute terms as the majority of incident cases of dis-
ease occur in people with a medium risk [34, 35].
We also sought to examine the role of underlying
factors for weight change by including time-variant
leisure-time physical activity, alcohol consumption
and smoking in our models. However, none of these
factors explained the observed changes during retire-
ment transition. A further important aspect in energy
balance is nutrition and eating habits, which were not
assessed in this study. In a previous smaller study
from the Netherlands, eating habits partially explained
changes in men’s weight during retirement transition
[16]. Further research is needed to examine whether
retirement is associated with changes in nutrition and
eating habits and whether this could explain the ob-
served changes in body weight.
Strengths of our study include the repeated measure-
ment of body weight around an objectively determined
retirement transition which enabled us to estimate body
weight development before, during and after retirement.
All participants retired from full-time work to full-time
retirement, thus removal of work-related exposures and
increase in leisure-time was similar for all. There are
some limitations to our study. This study relied on
self-reported body weight which is subject to recall
and information bias, possibly resulting in under-
reporting of body weight [36, 37]. However, there is
no reason to assume that these biases would be dif-
ferent for the different retirement periods. The
generalizability of the findings may be limited as the
cohort consisted of relatively healthy public sector
employees of European origin in a Scandinavian wel-
fare state with a relatively genereous retirement
scheme. In addition, since the focus of our study was
on statutory retirement, the results cannot be general-
ized to other retirement types, such as early retire-
ment due to poor health. Data from the US shows
that obese individuals are more likely to seek early re-
tirement benefits than non-obese [38] and it is pos-
sible that for them changes in body weight during
retirement transition may differ from those entering
to statutory retirement.
Conclusions
This study suggests that statutory retirement is associ-
ated with slight weight loss in men retiring from seden-
tary jobs and a slight weight gain in women retiring
from diverse and physically heavy jobs. The magnitude
of change in BMI suggests that retirement does not have
clinically relevant influence on weight development
among older adults.
Additional file
Additional file 1: Table S1. Study design. Survey years, their relation to
the study waves around retirement and the construction of the pre-
retirement, retirement transition and post-retirement periods. Table S2.
Risk of obesity during pre-retirement, retirement transition and post-
retirement periods in men and women. Table S3. Change in body mass
index before, during and after retirement transition in men and women.
Only participants with four observations are included (n = 3949). (DOCX
20 kb)
Acknowledgements
Not applicable.
Funding
This study was supported by Academy of Finland (grant number 286294 and
294154 to SSt, grant number 129364 to EVJ, grant number 311492 to MK);
Finnish Ministry of Education and Culture (to SSt); The Finnish Work
Environment Fund (grant number 109364 to SSo); Juho Vainio Foundation
(to SSt); Medical Research Council (grant number K013351 to MK); and
NordForsk, the Nordic Programme for Health and Welfare (grant number
75021 to MK, grant number 76679 to SSo).
Availability of data and materials
Data for research purposes are available upon request.
Authors’ contributions
SSt and JV conceptualized the study. VA compiled the data. SSt led the
statistical analyses and drafted the manuscript. All authors contributed
meaningfully to the interpretation of analyses and revisions of the
manuscript. All authors have read and approved the final manuscript.
Ethics approval and consent to participate
The FPS study was approved by the Ethics Committee of the Hospital
District of Helsinki and Uusimaa. The participants gave their informed
consent to take part when responding to the questionnaires.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Department of Public Health, University of Turku and Turku University
Hospital, Turku, Finland. 2Faculty of Social Sciences (Health Science),
University of Tampere, Tampere, Finland. 3Finnish Institute of Occupational
Health, Helsinki, Finland. 4Department of Epidemiology and Public Health,
University College London Medical School, London, UK. 5Clinicum, Faculty of
Medicine, University of Helsinki, Helsinki, Finland.
Received: 14 December 2016 Accepted: 14 June 2017
References
1. Ekerdt DJ. Frontiers of research on work and retirement. J Gerontol B
Psychol Sci Soc Sci. 2010;65B(1):69–80.
2. Stenholm S, Pulakka A, Kawachi I, Oksanen T, Halonen JI, Aalto V, et al.
Changes in physical activity during transition to retirement: a cohort study.
Int J Behav Nutr Phys Act. 2016;13(1):51.
3. Sjösten N, Kivimäki M, Singh-Manoux A, Ferrie JE, Goldberg M, Zins M, et al.
Change in physical activity and weight in relation to retirement: the French
GAZEL Cohort Study. BMJ Open. 2012;2:e000522–2011. Print 2012
4. Halonen JI, Stenholm S, Pulakka A, Kawachi I, Aalto V, Pentti J, Lallukka T,
Virtanen M, Vahtera J, Kivimäki M. Trajectories of risky drinking around the
Stenholm et al. International Journal of Behavioral Nutrition and Physical Activity  (2017) 14:85 Page 7 of 8
time of statutory retirement: a longitudinal latent class analysis. Addiction.
2017;112(7):1163–70.
5. Zins M, Gueguen A, Kivimaki M, Singh-Manoux A, Leclerc A, Vahtera J, et al.
Effect of retirement on alcohol consumption: longitudinal evidence from
the French Gazel cohort study. PLoS One. 2011;6(10):e26531.
6. Eng SM, Gammon MD, Terry MB, Kushi LH, Teitelbaum SL, Britton JA, et al.
Body size changes in relation to postmenopausal breast cancer among
women on Long Island, New York. Am J Epidemiol. 2005;162(3):229–37.
7. Fine JT, Colditz GA, Coakley EH, Moseley G, Manson JE, Willett WC, et al.
A prospective study of weight change and health-related quality of life in
women. J Am Med Assoc. 1999;282(22):2136–42.
8. Wannamethee SG, Shaper AG, Walker M. Overweight and obesity and
weight change in middle aged men: impact on cardiovascular disease and
diabetes. J Epidemiol Community Health. 2005;59(2):134–9.
9. Jenkins KR. Body-weight change and physical functioning among young
old adults. J Aging Health. 2004;16(2):248–66.
10. Wijnhoven HA, van Zon SK, Twisk J, Visser M. Attribution of causes of
weight loss and weight gain to 3-year mortality in older adults: results from
the Longitudinal Aging Study Amsterdam. J Gerontol A Biol Sci Med Sci.
2014;69(10):1236–43.
11. Rejeski WJ, Marsh AP, Chmelo E, Rejeski JJ. Obesity, intentional weight loss
and physical disability in older adults. Obes Rev. 2010;11(9):671–85.
12. Goldman D, Lakdawalla D, Zheng Y. Retirement and weight mimeo 2008.
13. Gueorguieva R, Sindelar JL, Wu R, Gallo WT. Differential changes in body
mass index after retirement by occupation: hierarchical models. Int J Public
Health. 2011;56(1):111–6.
14. Chung S, Domino ME, Stearns SC. The effect of retirement on weight.
J Gerontol B Psychol Sci Soc Sci. 2009;64(5):656–65.
15. Forman-Hoffman VL, Richardson KK, Yankey JW, Hillis SL, Wallace RB, Wolinsky
FD. Retirement and weight changes among men and women in the health
and retirement study. J Gerontol B Psychol Sci Soc Sci. 2008;63(3):S146–53.
16. Nooyens AC, Visscher TL, Schuit AJ, van Rossum CT, Verschuren WM, van
Mechelen W, et al. Effects of retirement on lifestyle in relation to changes in
weight and waist circumference in Dutch men: a prospective study. Public
Health Nutr. 2005;8(8):1266–74.
17. Godard M. Gaining weight through retirement? Results from the SHARE
survey. J Health Econ. 2016;45:27–46.
18. Dugravot A, Sabia S, Stringhini S, Kivimäki M, Westerlund H, Vahtera J, et al.
Do socioeconomic factors shape weight and obesity trajectories over the
transition from midlife to old age? Results from the French GAZEL cohort
study. Am J Clin Nutr. 2010;92(1):16–23.
19. Transamerica Center for Retirement Studies. 17thAnnual Transamerica
Retirement Survey. In: A Compendium of Findings About American Workers;
2016.
20. Kivimäki M, Hamer M, Batty GD, Geddes JR, Tabak AG, Pentti J, et al.
Antidepressant medication use, weight gain, and risk of type 2 diabetes: a
population-based study. Diabetes Care. 2010;33(12):2611–6.
21. Suoyrjö H, Oksanen T, Hinkka K, Kivimäki M, Klaukka T, Pentti J, et al. The
effectiveness of vocationally oriented multidisciplinary intervention on
sickness absence and early retirement among employees at risk: an
observational study. Occup Environ Med. 2009;66(4):235–42.
22. World Health Organization. Obesity: Preventing and managing the global
epidemic. Report of a WHO Consultation. Geneva: WHO Technical Report
Series 894, 2000 Contract No.: Report.
23. Statistics Finland. Classification of occupations 2001 2001 [cited Available at:
http://www.stat.fi/meta/luokitukset/ammatti/001-2001/index_en.html.
Accessed 17 Oct 2016.
24. Solovieva S, Pehkonen I, Kausto J, Miranda H, Shiri R, Kauppinen T, et al.
Development and validation of a job exposure matrix for physical risk
factors in low back pain. PLoS One. 2012;7(11):e48680.
25. Aromaa A, Koskinen S. Health and functional capacity in Finland. In: Baseline
results of the Health 2000 health examination survey. Helsinki: Publications
of the National Public Health Institute B12/2004; 2004. p. 175. Available at
https://www.julkari.fi/handle/10024/78534.
26. Kujala UM, Kaprio J, Sarna S, Koskenvuo M. Relationship of leisure-time
physical activity and mortality: the Finnish twin cohort. J Am Med Assoc.
1998;279(6):440–4.
27. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR Jr, Tudor-
Locke C, et al. 2011 Compendium of Physical Activities: a second update of
codes and MET values. Med Sci Sports Exerc. 2011;43(8):1575–81.
28. Halonen JI, Kivimaki M, Pentti J, Virtanen M, Subramanian SV, Kawachi I,
et al. Association of the availability of beer, wine, and liquor outlets with
beverage-specific alcohol consumption: a cohort study. Alcohol Clin Exp
Res. 2014;38(4):1086–93.
29. Karasek R, Brisson C, Kawakami N, Houtman I, Bongers P, Amick B. The Job
Content Questionnaire (JCQ): an instrument for internationally comparative
assessments of psychosocial job characteristics. J Occup Health Psychol.
1998;3(4):322–55.
30. Fransson EI, Nyberg ST, Heikkila K, Alfredsson L, Bacquer de D, Batty GD,
et al. Comparison of alternative versions of the job demand-control scales
in 17 European cohort studies: the IPD-Work consortium. BMC Public
Health. 2012;12:62.
31. Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous
outcomes. Biometrics. 1986;42:121–30.
32. Diggle PJ, Liang KY, Zeger SL. Analysis of Longitudinal Data. Oxford, U.K:
Oxford University Press; 1994.
33. McMinn J, Steel C, Bowman A. Investigation and management of
unintentional weight loss in older adults. BMJ. 2011;342:d1732.
34. Rose G. Sick individuals and sick populations. Int J Epidemiol. 1985;14(1):32–8.
35. Rose G. Ancel Keys Lecture. Circulation. 1991;84(3):1405–9.
36. Connor Gorber S, Tremblay M, Moher D, Gorber B. A comparison of direct
vs. self-report measures for assessing height, weight and body mass index:
a systematic review. Obes Rev. 2007;8(4):307–26.
37. Kuczmarski MF, Kuczmarski RJ, Najjar M. Effects of age on validity of self-
reported height, weight, and body mass index: findings from the Third
National Health and Nutrition Examination Survey, 1988-1994. J Am Diet
Assoc. 2001;101(1):28–34. quiz 5-6
38. Burkhauser R, Cawley J. The Importance of Objective Health Measures in
Predicting Early Receipt of Social Security Benefits: The Case of Fatness. Ann
Arbor: Working Papers wp148, University of Michigan, Michigan Retirement
Research Center; 2006.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Stenholm et al. International Journal of Behavioral Nutrition and Physical Activity  (2017) 14:85 Page 8 of 8
